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 要  旨 
 数値計算分野において，アプリケーションの実行性能はいくつかのパラメータによって支配さ
れていることが多く，これらのパラメータは，各種設定（ハードウェア構成，ソフトウェア）に
強く依存している．数多くのパラメータの組み合わせから，最適なパラメータを効率的に見つけ
出すこと，更に，最適なパラメータの探索技術の追求が極めて重要である．しかしながら，パラ
メータの組み合わせは天文学的数になり，全てを測定し最適なパラメータを決めることは非現実
的である．一般的には，数少ない測定データから適切な関数を用いてデータを補間して，最適値
を推定する．本研究で使用する d-Spline 関数はⅰ) 展開関数の特性によらない，ⅱ) 任意のサン
プルを取れる，ⅲ) 一回に計算する時間が短いなどの利点がある一方で，高次元問題での標本点
の多さ (つまり，全体の処理時間) が問題であると指摘されている． 
 d-Spline関数を用いた逐次添加サンプリング方式という手法は測定する組み合わせの数を削減
し，逐次サンプルを追加することで最適なパラメータを見つけ出す枠組を提供する．本研究では，
d-Spline関数が 3次元問題に適用する際，標本点の使用率が高いという問題点に対して，個々の
標本点上での最良値からの差が最小となるような汎関数的な変換を施して，標本点の数を減らす
ことを考える．対象となる高次空間上での標本点に対応する変数についての積分の形での変換式
を作る．これは 3次元問題の 1軸に沿った積分を行い 2次元問題に射影していることにも対応し
ている．この変換式を用いて 3次元問題を 2次元問題と同じ程度の計算時間で解くアルゴリズム
を提案する． 
 MPIの集団通信関数であるブロードキャスト関数とCUDA BLASのGEMVカーネルに対して
チューニング実験を行った．3 次元問題である GEMV カーネルの場合において，全データの約
7%の標本点を使用して，全データの約 92%の点の相対誤差(近似値と実測値)は 5%以下だという
ことがわかった．これは，本研究で提案したアルゴリズムを使用することによって 3 次元問題の
約 93%のパラメータを削減できたことに意味している．本提案手法は高次でよりパラメータ空間
が広い問題に対して有効であり，本研究で取り扱わなかった CUDA BLASの他のカーネル関数に
対するチューニングは効果が高いと考えられる．今後は，このようなより高次で複雑な一般問題
への応用が課題である． 
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3.3 ??????? d-Spline
???? [2]??????????? f (x)???????????
???? f (x)? n???????? f j = f (x j)? 1  j  n???????????
f = ( f1?f2?f3?  ?fi?  ?fn)t? f j 2R? t??????
??? x j? 1  j  n??????????????????? n????????
???????? N??????????? N????? k??????????
????????????k  N?????????? yi?1  i  k?????
y = (y1?y2?y3?  ?y j?  ?yk)t?y j 2R? t??????
???? f ????? F(y)[ f ]?? (1)???????
F(y)[ f ]  jjy   E f jj2 + 2jjDf jj2?? (1)
? (1)??? E?D???? 3.3???????????????????? y?
????? f ?? (2)?????????????
f   minarg
f
F(y)[ f ] (2)
f ?????? y????????????????????????????
??? f ? d-Spline?discrete-Spline???????
? (1)?????????? y????? f ????????????? f ??
????????????????? f ??????????????????
?????
?? E?k  n??????????? f ?????????????? ?? D?
(n  2) n??????????????? E?D???????????????
??? E? D????????
?? E????
???? x1?  ?xn????????? f1?  ?fn? f j = f (x j)?????? x j??
???????????????? I?????????
I  f jj j 2 N?1  j  ng (3)
???????????????? S  fiji 2 Ig?S  I????? S ?????
jS j = k????S ?????????? i1 < i2 <    < ik???????????
????????? xi j?????????? y j = y(xi j)?????????????
y j . y(x j)???????????????? E? j?????? j???????
???? f ??? f (xi j)????????? (4)?????????????
E jk =
8>><>>: 1 ?k = i j?0 ?other? (4)
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???? E????????S = 1?2?3?6?  ?n??
E =
266666666666666666666666666664
1
1
0 1
0 0 1
  
0 1
377777777777777777777777777775
(5)
? (1)? E f ?? (6)???????y   E f ?? (7)?????????????
E f =
0BBBBBBBBBBBBBBBBB@
f (xi1)
f (xi2)
:::
f (xik)
1CCCCCCCCCCCCCCCCCA =
0BBBBBBBBBBBBBBBBB@
fi1
fi2
:::
fik
1CCCCCCCCCCCCCCCCCA (6)
y   E f =
0BBBBBBBBBBBBBBBBB@
y1   fi1
y2   fi2
:::
yk   fik
1CCCCCCCCCCCCCCCCCA (7)
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d-Spline??????????????????????????????d-Spline
?????????????????????????????????????
??????????????????????????? [25]????? 2??
??? d-Spline????????????? 1?????? 2?????????
???????????
1????????????????:
fi 1   2 fi + fi+1?(2  i  n   1) (8)
2????????????????:
fi?j 1 + fi 1?j   4 fi?j + fi?j+1 + fi+1?j?(2  i  n1   1?2  j  n2   1) (9)
fi 1?j   2 fi?j + fi+1?j?( j = 1??? n2?2  i  n1   1) (10)
fi?j 1   2 fi?j + fi?j+1?(i = 1??? n1?2  j  n2   1) (11)
??????????? (1)? D???????????
D? f ?????????????? ???????????????????
?????????????????????????? 0???????? 1?
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????? D??D1n????? (12)???????
D1n =
2666666666666666666666666666666666666666664
0 0 0 0 0 0    0
1  2 1 0 0 0    0
0 1  2 1 0 0    0
0 0 1  2 1 0    0
0 0 0 1  2 1    0
:::
: : :
: : :
: : :
0 0 0 0 0 1  2 1
0 0 0 0 0 0    0
3777777777777777777777777777777777777777775
nn
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??? jjDf jj2?????????? n????? 0?????????????
???????????????? [2][7]????? D????????????
???????????????????? D1n???????????????
?? D????????????????
? k????????????????? [1?n1] [1?n2]     [1?nk]?????
???????????Dkn1?n2??nk ?? (13)???????
Dkn1?n2??nk = D
1
n1 
 In2 
    
 Ink + In1 
 D1n2 
    
 Ink
+    + In1 
 In2 
    
 D1nk
=
kX
i=1
(
i 1j=1In j) 
 D1ni 
 (
kj=i+1In j) (13)
??? 
?????????????????
????
X 
 Y = (Xi jY)i j =
0BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB@
x11y11    x11y1n
:::
: : :
:::
x11yn1    x11ynn
        
x1ny11    x1ny1n
:::
: : :
:::
x1nyn1    x1nynn
:::
:::
:::
: : :
: : :
: : :
:::
:::
:::
xn1y11    xn1y1n
:::
: : :
:::
xn1yn1    xn1ynn
        
xnny11    xnny1n
:::
: : :
:::
xnnyn1    xnnynn
1CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCA
???? 2????? D2?????????? 2?????? D??????
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??n1 = 3?n2 = 4?????D2?? (14)???????
D23?4 =
266666666666666666666666666666666666666666666666666666666666666664
0 0 0 0 0 0 0 0 0 0 0 0
1  2 1 0 0 0 0 0 0 0 0 0
0 1  2 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0  2 0 0 0 1 0 0 0
0 1 0 0 1  4 1 0 0 1 0 0
0 0 1 0 0 1  4 1 0 0 1 0
0 0 0 1 0 0 0  2 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1  2 1 0
0 0 0 0 0 0 0 0 0 1  2 1
0 0 0 0 0 0 0 0 0 0 0 0
377777777777777777777777777777777777777777777777777777777777777775
1212
(14)
??????????????????? 0????????????????
?????????????????????????????????????
??????????????
3.4 ??????????????
?????????????????????? ??????????????
?????????????????????????????????????
?????????????????????????????????????
????????????? 2.1.1?????????MPI??????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????????
3.4.1 ?????????
????????????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
????????????????????????????????????2.1
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??????MPI???????????????MPI?????????????
??????????????????????????? 4?????????
???? 4???????????MPI????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
3.4.2 ?????????????????????????????
????????????????????????????????????
?????????????????????????????????????
??????????????????? [2][25]??????????????
??????????sp??????????
 ?? 1??????????????????? sp?????
 ?? 2?sp?? d-Spline????????????????
 ?? 3????????????????????????????????
?????????????????? 4????
 ?? 4??????????????????????????
 ?? 5?????? sp????? d-Spline????????????????
?? 3????
????????????????????????????????????
?????????????????????????????????????
?????????????????????
3.4.3 ?????????????????
????????????????????????????????????
??????????????????????? [2]?????????
??????? 1:
?????????????????????????????????????
??????????
??????? 2:
?????????????????????????????????????
15
????????????????????? d-Spline????????????
???????
?????? 1:
?????????????????????????????????????
?????
?????? 2:
??????????????????????????????????
3.4.4 ??????????????????
3.4.3??????????????????????????????????
?????????????????????????????????????
???????????????????????
2.1.2?????MPI Bcast?????????????????????????
??????????????????????????????????d-Spline
?????MPI Bcast???????????????????????????
????????????????????????????????? d-Spline
??????? ??????????????????????????? ??
??????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
???????????????????????????
????????
????????????????????????????????????
???????????
?????????????????????A??????????????
???????????????????????X????????Y?????
???X???? Z????????Y???????? Z????
????A???????????????????????????????
A????????????????????????????????????
??????????????????? C????????????
???????
?? C???  0.1?A??????????????????
16
3.5 ??????
3.4.2??????????????????????????????????
?????????????????????????1??? 2???????
???????????
3.5.1 1?????? d-Spline?????????????
Algorithm 1? 1????????? d-Spline????????????????
?????3.4.3??????????????????????????????
????????????????? [25]?
Algorithm 1 1?????? d-Spline?????????????
1: sp=???????????
2: sp?? d-Spline?????
3: d-Spline??????? xp???
4: repeat
5: if (xp < sp) then
6: xpnew = xp
7: else
8: ??????????????max????xpnew = max
9: end if
10: sp = sp + xpnew
11: sp?? d-Spline?????
12: d-Spline??????? xp???
13: until (??????)
14: xp?????????
3.5.2 2?????? d-Spline?????????????
Algorithm 2? 2?????? d-Spline???????????????????
?????????????????3.4.1??????????????????
??????????????????????? 3.5.1????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????3.4.4??????????
????????????
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Algorithm 2 2?????? d-Spline?????????????
1: sp=????????????sp=fX1?X2? X3?  ? Xng????
2: sp?? d-Spline?????
3: repeat
4: ???? d-Spline?????? fX1?X2?X3?   ?Xk?   ?Xng????
?? fY1? Y2? Y3?   ? Yk?   ?Yng????
5: kXk?Ykk????????????.?????????????????
??.
6: ?? 1????? C1??? 2????? C2?   ??? n????? Cn?
????? fC1? C2? C3?   ?Ck?   ?Cng?????????????
????????? fC’1? C’2? C’3?   ? C’ng???.
7: if (C’1 < sp) then
8: C’1? sp???
9: else
10: fC’1? C’2? C’3?   ? C’ng????? sp??????????????
???? C’x? sp???
11: end if
12: sp?? d-Spline?????
13: until (??????)
???????
C’x??????? 0.1  C’1???????
3.6 3???????????????????
3??????????????????????????? 1??? 2???
?????????????????????????????????????
????????? d-Spline???????????????? d-Spline????
?????????2????? d-Spline??????????????????
???????????? 3?? d-Spline??????????????????
????????????????????????? 3.5.1?????????3
?????????????????????????????????????
???????????? 3???????????????????????2
?????????????? 3????????????? [26]????????
3????? 2?????????? 2????????????? 3?????
???????????3???? 2?????????????????????
??????????????
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3.6.1 3???? 2?????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????? (? (15))????? [26]?
?Algorithm 3????? 3????? 1?????????? 2?????????
?????????????
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Algorithm 3 3???? 2?????????
1: ???????????? < X?Y >???????? (14)? k????
2: ????????? y<X?Y?Ni>??????? fmax???????< X?Y >??
????????????G<X?Y>?????
3: sp=? < X?Y?G<X?Y> >????????
4: d-Spline???????
5: d-Spline??????? < X?Y >????????????G<X?Y>????
???? xp???
6: repeat
7: if (xp < sp) then
8: xpnew = xp
9: else
10: ??????????????????< X?Y >???????????
G<X?Y>?????max???? xpnew = max
11: sp = sp + xpnew
12: sp?? fmax????? y<X?Y?Ni>???????? fmax = y<X?Y?Ni>? fmax
?????? fmax??????????????????G<X?Y>????
??
13: d-Spline???????
14: d-Spline??????? < X?Y >????????????G<X?Y>??
?????? xp???
15: end if
16: until (??????)
???????
1??????????????????????????
2?????????????????????????
???????
G<X?Y> 
Z m
1
e (y<X?Y?N>  fmax)
2
dN 
kX
i=1
e (y<X?Y?Ni>  fmax)
2
(k?m?n 2 N) (15)
n? N???????????
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3.6.2 ??????????????
Algorithm 4?Algorithm 3????????????????????????
??Alogorithm 3???y<X?Y?Ni>?? (15)????G<X?Y>??????????
????????????????????????????????Alogorithm
4???Algorithm 3??????????????N?????????????
????
Algorithm 4??????????????
1: ?3???? 2????????????????? sp??????????
G<X?Y>???? d-Spline??????
2: 1? d-Spline?????????G<X?Y>????? 10??< X?Y >?????
3: 2???????? 10?? < X?Y >????? ???? y<X?Y?Ni> ????
d-Spline??????
4: ?????N????? y<X?Y?Ni>???????? < X?Y >????
3.6.3 ?????????????????
??????????3.5??????Algorithm 1???? 2????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????
???????? 3??????????Algorithm 3?Algorithm 4[26]????
?????????????????????????????????????
??????????? 3?????????????????????????
?????????????????????????????????????
???????????????????????????3???? 2????
?????????????????????????????????????
?????3???? 2????????????????????????5??
???GEMV?????????????????????5.1????????
???X?Y????????? 8  4 = 32??????Algorithm 4??3???
? 2?????????????????G<X?Y>???? 10??????????
?????????????? 22???G<X?Y>???????????????
??????????????????????????????????GEMV
???????????????G<X?Y>??????????????????
??????GEMV???????????????????????????
??????????????????? d-Spline??????????????
??? 3???????????????????3???? 2????????
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?????????????????????????GEMV?????????
????????????????????????GEMV??????????
?????????????????????????????????????
??????????????
???????? 3.5?? 3.6??????????????MPI??????
CUDA BLAS????????????????????????????
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4 ????????????????????1:MPI Bcast
?????????
4.1 ????
2.1.2?????????????????????????????????
????????????????MPI Bcast????????????????
?????????????????????????????????????
???????????????????????????????
MPI Bcast???????????? 
?????? 32
????????? 10,0001,000,000Byte? 10,000??? 100??
??????? 26? 5??
????????? 25612,800Byte? 256Byte??? 50?? 
????????????????????????????????????
????????????????????????????????????
MPI Bcast??????????????????????????????
4.2 ????
4.1??????????????????????????????????
???? 1  100  5  50 = 25; 000??????????? ?????????
????????????? 25,000???????????? 25,000?????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??????
????????????????????????????????????
?????????????????????????????????????
??????????????????????????4.1?????????
??????????????????????????? 50????????
?????????????????????????????????????
?? 50?????????????????????????????????
????????????????????????? 1  100  5 = 500????
????????????????????? 500??????????????
????? 50???????????????????????????????
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?????????????????????????????????????
??????????????????????????? 50????????
?????????????????????????????????????
?????????? 1??????????????
???????????????????? 100??????????????
???????????????????????? 100???????????
?????????????????????????????????????
?????? 1 5 50 = 250?????? 250????????????????
??? 100????????????????????????????????
?????????????????????????????????????
?????????? 2??????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?? 50?????????????????????????????????
?????????????????????????????????????
?????????????????????? 4??????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??? 3.5.2??????????????
4.3 ?? 1??????????????
4.1????????????????????????????????????
????????????????????????????1100550 = 25; 000
????????MPI Bcast????????????????????????
????????? MPI Bcast?????? 100??????100???????
?????????? 50?????????????????????????
????????????????????????? 1???????????
??????????????????????
4.3.1 ???? 
????????????????????????????JED?
Intel Core2 Duo 2.83GHz???? 4GB???? 32?
OS:Vine Linux 6.0?Haut Brion?
OpenMPI??????? 1.5.3 
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4.3.2 ????
???????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????????????????????????
? 1: MPI Bcast??????????????????????????????
????????
? 2: MPI Bcast??????????????????????????????
??????????????????
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4.3.3 ??
? 1??? ?????????????????? ????????????
?????????????????????????????????????
580,000[Byte]????? chain???????????????????????
???????????????????
? 2???????????? 70,000[Byte]????????????????
????????????????????????? 70,000[Byte]??????
?????????????????????????????????????
??????????????? 32?????????? 200,000[Byte]????
??????????????????? 1?01  10 2[s]???????????
??????? 1:63  10 2[s]?? 38.03%?????.
4.4 ?? 2?1?????? d-Spline?????????
3.5.1?? 1?????? d-Spline?????????????????????
????????? d-Spline????????????????????????
???
? (1)???????? ?5
????????5
??????????? 5?????????????????
4.4.1 ???? 
Intel Core i7-2600K 3.40GHz???? 7.8GB
OS:Fedora release 18?Spherical Cow?
OpenMPI?????:1.5.3 
4.4.2 ????
???????? 1?????? d-Spline?????????????? chain
????????????????????
???????
????????????Byte?
??????????????s?
???d-Spline??????????
???d-Spline?????????
?????????????
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? 3: Chain:d-Spline????????????????????
4.4.3 ??
? 3??? d-Spline?????????????? d-Spline?????????
?????????????????????????????????? d-Spline
??????????? ?????????????????????????
??????????????????? ?????????????????
6.03%????
d-Spline?????????????????????????????????
?????????????????????? [6]?????????????
?????????????????????????????????????
?????????????????????????????????????
? 1299?????????? 100???????????? 50????????
????= 5,000?????????????? 25.98%????????????
? 74.02%?????????????????????????? 6.03%????
?????????????????????????????????????
??????????????????????
4.5 ?? 3?2?????? d-Spline?????????
3.5.2?? 2?????? d-Spline?????????????????????
?????????????????? d-Spline???????????????
????????????
? (1)???????? ?1? ?1
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????????16
???????C’x???????  0.1  C’1???????
4.5.1 ????
?? 2???????
4.5.2 ????
???????? 2?????? d-Spline?????????????? chain
????????????????????
???????????????? 3????
???? d-Spline????????????????????????????
???2?????? d-Spline???????????????????????
??????????????????????????
???????? 3???????????????????????????
????????
?????????????????? 1?????????????????
?????????????????????????????????????
?????????
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4.5.3 ??
? 5???????????????????????????????????
?????????????????????????????????? 0.15?
????????? ? 6??? ?????????????????? d-Spline
????????????? d-Spline????????????????????
?????????????????????????? 2.14%?????? 6%?
???????? 94%???????????????????????????
?????????? 2.14%????
?????????????????? d-Spline??????????????
???????? d-Spline?????????????????????????
????????????????????OpenMPI?????????????
?????????????????????????????????????
???? CUDA?????? d-Spline??????????????
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5 ??????????????????????2:GEMV
???????????
5.1 ????
2.2.2???? ????? N? ??????? < X?Y >??????? GEMV
???????????????????????????????? 3????
????????????????????
GEMV???????????? 
N? 15,000? 1??? 5,000??
X? 32256? 32??? 8??
Y? 14? 4?? 
3???????????N?????????????????X?Y????
?????????????????????????????? 5; 000  8  4 =
160; 000?????????????????????????????????
????????? N??????? X?Y????????? 8  4? 32??
???? 32??????????? GEMV?????????????????
N? 5,000??????? 5,000????????????????? X?Y? 32
??????????????????????????????
5.2 ????
3?????????????????? 2????????????????
?????????????????? d-Spline???????????????
?????????3?????????? 3?? d-Spline??????????
?? 3?? d-Spline????????????????????????? 3??
d-Spline??????????????????????????????? 3?
? d-Spline???????? 3.6?? 3???????????????? [26]?
??????????????????? 3????? 2??????? 2???
?????????? 3????????
???????N? X? Y???GEMV?????????? y<X?Y?N>????
????????????G<X?Y> ?? (14)?????????
G<X?Y> 
Z m
1
e (y<X?Y?N>  fmax)
2
dN 
kX
i=1
e (y<X?Y?Ni>  fmax)
2
(k?m?n 2 N) (16)
n?N?????????????????????fmax??????????
?????k????? y<X?Y?N>??????? (14)?????? y<X?Y?N>???
?????? 3??????????????G<X?Y>???????X?Y? 2
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?????????? (14)????????????????? 3???????
????? 2????????????????????X?Y????????
?????????????
 ?? 1?? (14)?????G<X?Y>?????
 ?? 2??????G<X?Y>?????????? sp?????
 ?? 3?sp?? d-Spline????????????????
 ?? 4????????????????????????????????
?????????????????? 4????
 ?? 5??????????????????????????
 ?? 6??????? sp????? d-Spline??????????????
???? 3????
 ?? 7?sp??G<X?Y>???? d-Spline????????
 ?? 8??? 7??????G<X?Y>????????G<X?Y>????? 10?
??????
 ?? 9??? 8???????? 10??< X?Y >????????? y<X?Y?N>
???? d-Spline????????
 ?? 10??????N????? y<X?Y?N>???????????????
? < X?Y >?????
?? 1???? 6??? 3.3???????????????????????
??????????????
?? 7??? d-Spline???????????G<X?Y>???????????X
? 8???Y? 4????? 32??????
?? 8???G<X?Y>?????????????????? 10?????? (14)
??G<X?Y>??????? y<X?Y?N>? fmax?????????????????
???GEMV???????????G<X?Y>?????????????
?? 9???? 10?????????? 10??< X?Y >????? y<X?Y?N>?
??? d-Spline??????????X?Y???????????
5.3 ??????
3.6???????????? [26]???????????????? GPU?
CUDA??????NVIDIA???GPU??????? 3??????
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 GTX560Ti
 GTX580
 GTX680
???????????????????
???????? 5????
?????? 1??5???????????????????????
????????? ? 0.0001??????
3.6??????????????3???? 2???????????????
???????????????????????GPU????????? 2??
???????
5.4 ???? 1?GTX560??????????
5.4.1 3???? 2?????????
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? 7??G<X?Y>????? 10?????????????
? 1: ?? 10??G<X?Y>
Rank X Y G<X?Y>
1 256 1 1.005731e+02
2 256 2 1.004533e+02
3 224 1 1.004093e+02
4 96 4 1.003749e+02
5 128 4 1.003708e+02
6 64 4 1.003626e+02
7 160 4 1.003494e+02
8 224 2 1.003411e+02
9 32 4 1.003400e+02
10 256 3 1.003300e+02
5.4.2 ??????????????
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5.5 ???? 2?GTX580??????????
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? 10??G<X?Y>????? 10?????????????
? 2: ?? 10??G<X?Y>
Rank X Y G<X?Y>
1 32 4 9.889949e+01
2 64 4 9.888028e+01
3 96 4 9.883548e+01
4 128 4 9.874655e+01
5 160 4 9.860893e+01
6 192 4 9.842854e+01
7 256 1 9.835562e+01
8 256 2 9.823995e+01
9 224 4 9.821725e+01
10 256 3 9.811791e+01
5.5.2 ??????????????
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5.6 ???? 3?GTX680??????????
5.6.1 3???? 2?????????
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? 13??G<X?Y>????? 10?????????????
? 3: ?? 10??G<X?Y>
Rank X Y G<X?Y>
1 256 4 9.905895e+01
2 224 4 9.839450e+01
3 192 4 9.771637e+01
4 256 3 9.771282e+01
5 224 3 9.706292e+01
6 160 4 9.701159e+01
7 192 3 9.640226e+01
8 256 2 9.636301e+01
9 128 4 9.626901e+01
10 224 2 9.574725e+01
5.6.2 ??????????????
-5
 0
 5
 10
 15
 20
 25
 30
 35
 40
 0  500  1000  1500  2000  2500  3000  3500  4000  4500  5000
 0
 0.5
 1
 1.5
 2
 2.5
 3
 3.5
 4
 4.5
C o
m
p u
t i n
g  
P e
r f o
r m
a n
c e
[ G
F L
O P
S ]
R
e l
a t
i v
e  
E r
r o
r
N
Best Real
Best Dspline
Relative Error
? 14: d-Spline???????????????????
38
 0
 500
 1000
 1500
 2000
 2500
 3000
 3500
 4000
 4500
[0,0.05) [0.05,0.1) [0.1,0.5) [0.5,1) [1,5]
N
u m
b e
r
Relative Error
? 15: d-Spline??????????????????
5.7 ??
????3???? 2????????????????????????.
? 4: ?GPU???????
GTX560Ti GTX580 GTX680
????????? 2020 1313 1111
?????? 160,000 160,000 160,000
??? (%) 1.26 0.82 0.69
? 7????3???? 2???????????????GPU??? 1%???
??????????????????????
??? ????????????????????????????????
???? N=1? 5? 10? 15? 20?   ? 5,000????? ?????????
???? 10??G<X?Y>??????????????G<X?Y>???? y<X?Y?Ni>
???? d-Spline????????????????????? GPU?????
1001  10 = 10010??????????? 160,000??????GPU??????
???? 10010/160,000?? 6.26%????3???? 2????????????
1%????????????GPU?????? 7%?????????????
??????
???????????????????? 1? 2? 3???????????
??????????????? 5,000???.??? [0? 0.05)? 0  x < 0:05?
??????
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? 5: ?GPU???????????
??????? [0? 0.05) [0.05? 0.1) [0.1? 0.5) [0.5? 5)
GTX560Ti 4616 292 91 1
GTX580 4735 242 22 1
GTX680 4449 231 319 1
? 8??????? 5%?????????????????????????
? 5%???????GTX560Ti? 4616? GTX580? 4735? GTX680? 4449??
????????? 92.32%? 94.70%? 88.98%???????? 92%?????
?? 5%??????
????????? 3.6?????????????????? 7%??????
??????????????? 92%???????? 5%???????????
??????? GTX560Ti?GTX580????????? Fermi?GTX680???
??????Kepler????????????????????????????
??????????????????GTX680????????????????
???????????????????????Kepler???????????
?????????????????????????????????????
???????????
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6 ???????????????
?????????????????????? d-Spline??????????
??????3?????????? d-Spline????????????????
???????????????????? d-Spline?????????????
?????????????????????????????? d-Spline???
???????????????????????????????? 3????
?????? d-Spline?????????????????????3????? 2
????????? 3????????????????????????d-Spline
????????????????????????????????? d-Spline
?????????????????????????????????????
?????????????????????????????????????
??????????????????????????????MPI Bcast??
?GEMV?????????????????4?? 5????????????
???????????????????????????????? 3????
???GEMV?????????????? 7%???????????? 92%?
??????? 5%???????????????????????
???????? 3?????????????????Algorithm 3?Algorithm
4?????????????????Algorithm 1? 3????????????
????????? [8]???????????????????????????
?? 5.1????????????3?????????? 2?????? 1250?
?????????????????????????????? 1250?????
???????????????????
? 6: ?????????????????????????????
??????? ??????????????
GTX560Ti 4? 3? ? 84?? 22? 30?
GTX580 3? 50? ? 79?? 51? 40?
GTX680 3? 47? ? 78?? 49? 1?
???? d-Spline????????????????????????????
?????????????????????????????????????
?????????????????????????????????
3?????? 3????????????????????????????
????????????????????? ???????????? CUDA
BLAS??????????????????????????????????
??????????????????????????????
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????????????????????????????????????
??????????????????????? 3?????????????
????????????
????????????????????????????????????
????????????????????????
????????????????????????????????????
?????????
????????????????????????????????????
??????????
????????????????????????????????????
??????????
???????????????????????????????????Open-
MPI????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
??????????????????????? 3????????????
???????????????????????????
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